were incubated in a fresh Ca 2+ −free bath solution for 60 minutes. To transfer these cells onto our 13 RSP, the cells were first washed three times with a Ca 2+ −free bath solution, then, detached from 14 the plate using a trypsin solution (Figure 1a˗iv ). A HeLa cell suspension was introduced in the 15 imaging chamber, and the aggregate of HeLa cells was picked up using a microcapillary ( Figure  16 1a˗v). The aggregate was adjusted to locate a cell on the junction area for the screening of drugs 17 using the RSP (Figure 1a˗vi ). The source−drain bias (V sd ) of 0. In a typical experiment, only the junction area including floating electrodes of a RSP was 7 exposed to a single HeLa cell during drug response experiments (Fig. 1a−ii) . It allows us to 8 eliminate leakage currents and possible non−specific effects from other cells during sensing 9 experiments in a liquid environment. Fig. 1b shows the optical image of a single HeLa cell 10 placed on a CNT junction area using a microcapillary. Significantly, since HeLa cells were not 11 directly cultured on device surfaces, they did not alter the characteristics of RSPs. Furthermore, 12 the measured cell could be easily removed from the RSP surface, and the used RSP device could 13 be reused for additional measurements with different cells, which allowed us to obtain 14 statistically-meaningful results without suffering from possible errors due to device−to−device 15 variations. Note that, unlike a patch clamp method, we do not need to form a hole or a high 16 resistance seal on a cell membrane using a micropipette, and, thus, our method could be a 17 convenient and non−invasive method. Furthermore, our method could quantitatively monitor 18 electrophysiological signals at a single−cell−level, which would be a significant advantage for 19 biomedical researches and applications. 20 The source−drain current (I ds ) of RSPs was measured by a semiconductor characterization 17 system (Keithley, 4200, USA). The curve shows a decreasing source−drain current with an 18 increasing gate bias. It implies that our device exhibited p−type characteristics. In addition, the 19 current decreased drastically by a small gate bias change, indicating the high sensitivity of our 20 device. 21 
Effect Monitoring of histamine by using a RSP 13
The changes of Ca 2+ concentrations in cells could be mediated by two well-known 14 mechanisms, namely a Ca 2+ release from intracellular stores and a Ca 2+ influx through 15 specialized channels on a plasma membrane (Berridge, 1997; Streb et al., 1983) . Fig. 3a 2+ flows into a cell through the opening of ion 3 channels, a negative potential on the extracellular side of a plasma membrane increases (Fig. 3b) . 4
Note that the electric currents of our RSPs increase with a negative gate bias (Fig. 2b) . Thus, the 5 stimulation of HeLa cells by histamine can cause the conductance increase of RSPs, which could 6 be used to evaluate the interaction between ligands and receptors on a cell membrane. 7 increase by the histamine injection could be attributed to the activity initiated by H1Rs in the 12 HeLa cell. Once histamine molecules bound to H1Rs, Ca 2+ flowed into the cell, which generated 13 a temporary negative potential in a gap between the cell and the CNT junction area of the RSP 14 (Fig. 3b) . Note that since our RSP exhibited p−type characteristics, the increase of a negative 15 potential would cause the increase of its conductance (Ta et al., 2014) . The increased 16 conductance was recovered back to the original value after 50 seconds. This conductance 17 recovery was probably due to the repolarization process of the cell and the charge balance of a 18 bath solution. As reported previously, the influx of Ca 2+ , which increased positive charges within 19 a cell, was followed by the outflux of potassium ions (K + ) from the cell (Benarroch, 2010) . 20
Moreover, cations in a bath solution could diffuse into the gap to neutralize excess negative 21 charges. Both of these factors probably resulted in the conductance recovery of the RSP after the 22 response of the histamine injection. This data clearly indicates that our RSPs could detect the 23 electrophysiological effects of histamine on HeLa cells. Significantly, since our method just 1 measure the surrounding potential changes without damaging cells, it could be applied for the 2 study of the electrophysiological responses of various cell lines in a non-invasive manner. 3
The responses of a HeLa cell to histamine could be quantified by the relative conductance 4 changes of our RSP. Fig. 3d shows the conductance responses of a RSP by the stimulation of 5 different concentration histamine solutions in the range from 100 nM to 100 mM. To confirm the 6 repeatability of our RSP, we carried out measurements three times for each concentration of 7 histamine using the same RSP (Fig. S1 ). The dose−response curve was fitted by a Hill equation The relative conductance change of the RSP with the HeLa cell pretreated with cetirizine was 19 ~5%, which was significantly smaller than that of the RSP with a non−pretreated HeLa cell 20 (~13%). This result indicates that cetirizine worked as an anti−histamine drug on the HeLa cells 21 assembled on the RSP, and our method can be utilized to measure the effect of anti−histamine 22 drugs in real time. 23 We could also quantitatively monitor the electrophysiological effects of different 1 anti−histamine drugs with various concentrations (Fig. 4c) . Here, HeLa cells were incubated 2 with bath solutions including cetirizine or chlorphenamine with various concentrations ranging 3 from 10 to 200 µM. Then, the response of individual HeLa cells by the injection of 100 µM 4 histamine was measured using a single RSP. For a reliable statistical analysis, we repeated 5 measurements three times for each anti−histamine drug concentration using the same RSP. 6 Dose−response curves showed the drastic decrease of the relative conductance changes of a RSP 7
for HeLa cells pretreated with chlorphenamine. Importantly, the relative conductance changes of 8 a RSP for HeLa cells pretreated with cetirizine were smaller than those with chlorphenamine. 9
The result is also consistent with previous reports showing that chlorphenamine was a stronger 10 inverse agonist than cetirizine (Christophe et al., 2003; Mizuguchi et al., 2013) . 11
To quantitatively estimate the effect of anti−histamine drugs, the results were analyzed 12 by a Hill equation for inhibitors like 13
Here, ∆G/G 0min is the minimum value of relative conductance changes. 
